The effect of firing atmosphere on the oxidation states of Fe in Arita celadon glaze and the glaze color was examined by using Mössbauer spectroscopy. The celadon glaze was prepared from feldspar, BaCO 3 , kaolin, ¡-quartz, and Fe 2 O 3 powders and fired on the white porcelain biscuit plate at 1300°C for 0.5 h under several reduction atmospheres. The content of Fe 2 O 3 in the glaze was 2 mass %. In oxygen atmosphere, the color of celadon glaze was gray-yellow due to Fe
Introduction
It is well known that the color produced by adding a small amount of iron oxide (Fe 2 O 3 ) to a base glaze fired in reduction is called celadon.
1) The resulting glaze color gives yellow, tan, grey, grey-green, light-green, olive-green and blue-green (jade green) etc. The color of celadon depends on the amount of iron oxide, and the concentrations of Fe 2+ and Fe 3+ affect the glaze color directly based on the firing atmosphere. Mössbauer spectroscopy is a very valuable analytical method to evaluate the concentration of Fe 2+ and Fe 3+ in fired ceramic wares. 2),3) Some papers on the relationship of iron ions state and the color of celadon produced in China and Korea were reported using Mössbauer spectroscopy. 4)8) Many celadon wares have been produced since the early 17 century in Arita area, Saga, Japan. In our previous paper, the concentration of Fe 2 O 3 in the glaze and body of the early Arita celadon on the celadon color was investigated. 9) However, there is no report on the concentration of Fe 2+ and Fe 3+ in the Arita celadon glaze. In this study, iron ions state in Arita celadon glazes which were produced under some reduction atmospheres at 1300°C was characterized by using Mössbauer spectroscopy. Furthermore, the effect of concentration of Fe 2+ and Fe 3+ on the color change of the celadon glaze was also studied.
Experimental
Celadon glaze were prepared from feldspar, kaolin, ¡-quartz, commercial grade BaCO 3 and Fe 2 O 3 powders (Wako Pure Chemical Co. Ltd.). The Seger formula of the celadon glaze was 0.3KNaO·0.7BaO·0.5Al 2 O 3 ·5SiO 2 . The content of Fe 2 O 3 in the glaze powder was 2 mass %. The glaze powder were mixed with water in a ball mill for 16 h and coated onto the white porcelain biscuit plate by dipping. The white porcelain biscuit had around 0.5% of ¡-Fe 2 O 3 . The sample was heat-treated in a gas kiln (Takasago Thermal Engineering Co. Ltd., Japan) by using butane gas at 1300°C for 0.5 h. The reduction atmosphere was controlled by adjusting flow ratio of butane gas and air from 900 to 1300°C. The concentration of CO gas was monitored by a portable gas analyzer (PA-210, B-type, ENERGY SUPPORT Co. Ltd., Japan). Fifty gram of celadon glaze powder was put in the ceramic (white porcelain) crucible, and set near the white porcelain plate coated with same glaze powder in the gas kiln. The crucible and plate were simultaneously heat-treated under some reduction conditions (0, 0.5, 1, and 4% of CO gas) at 1300°C. After heat-treatment, 12 mm of thickness of the glassy celadon glaze surface heat-treated in the crucible was sliced using a micro-cutter, and then crushed and pulverized for Mössbauer measurement. The both glazes after heat-treatment had a same color. Mössbauer spectra were recorded at room temperature by a constant acceleration method.
57 Co(Rh) with activity of 925 MBq and ¡-Fe foil were used for a source and a reference, respectively. The £-ray source was moved by using a Mössbauer driving unit (MDU-1200, Wissel) and a digital function generator (DFG-1000, Wissel). The obtained spectra were analyzed by Lorentzian fitting using Mösswinn 3.0i XP. The color value of glaze on the white porcelain plate was measured by a color and color difference meter (SZ-80II type, NIPPON DENSHOKU INDUSRIES Co., Ltd., Japan) based on the L*, a*, and b* test in CIE (Communication Internationale de L'éclairage). Figure 1 shows the color change of celadon glaze on white porcelain plates. Table 1 shows the change of color value (L*, a* and b*). L* is a lightness of color, a* is a color position between red and green, and b* is a color position between blue and yellow, respectively. The thickness of the glaze layer was 150 to 200¯m after heat-treatment. From Fig. 1 , the glaze color was gray yellow at 0% of CO gas and blue-green tone increased over 1% of CO as expected. L* was not influenced by reduction conditions. The color tones of a* and b*were changed from ¹2.2 at 0%CO to ¹6.7 at 4%CO and from 17.9 at 0%CO to 4.2 at 4%CO, respectively. b* was 17.9 at 0%CO, but it remarkably decreased to 5.9 at 0.5%CO. Decrease of a* indicates that the glaze color becomes more green color, while decrease of b* indicates that the glaze color becomes more blue color. Figure 2 and Table 2 show Mössbauer spectra and Mössbauer parameters of the glaze powders heat-treated at 0, 0.5, 1 and 4% of CO gas at 1300°C. The Mössbauer spectrum of the glaze powder heat-treated at 0% CO gas [ Fig. 2(a) ] was composed of only a paramagnetic doublet with the isomer shift (¤) of 0.24 mm s increased from 0 to 85.9, 95.6 and 100% as the CO concentration was increased from 0 to 0.5, 1 and 4%. By considering together with Fig. 1 , the CO gas concentration in heat-treatment gas causes the change of Fe 2+
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/Fe
3+ ratio and influence the color change of the celadon glaze.
In our experiment, 2 mass % of Fe 2 O 3 was contained in the final glaze powder by XRF analysis. From XRD analysis of the glassy glaze heat-treated in the crucible at 1300°C under 04% of CO gas, the glaze phase was amorphous and ¡-Fe 2 O 3 phase could not be detected.
In this study, we used Ba-containing base glaze. The effect of Ba ions on the ratio of Fe 2+ /Fe 3+ and the glaze color is now in progress. 
